University of Tennessee, Knoxville

TRACE: Tennessee Research and Creative
Exchange
Masters Theses

Graduate School

8-1962

The Effect of Re-Use of Two Frying Fats on the Fatty Acid Content
of French-Fried Potatoes
Mary Ann Harvey
University of Tennessee, Knoxville

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes
Part of the Food Science Commons

Recommended Citation
Harvey, Mary Ann, "The Effect of Re-Use of Two Frying Fats on the Fatty Acid Content of French-Fried
Potatoes. " Master's Thesis, University of Tennessee, 1962.
https://trace.tennessee.edu/utk_gradthes/4100

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.

To the Graduate Council:
I am submitting herewith a thesis written by Mary Ann Harvey entitled "The Effect of Re-Use of
Two Frying Fats on the Fatty Acid Content of French-Fried Potatoes." I have examined the final
electronic copy of this thesis for form and content and recommend that it be accepted in partial
fulfillment of the requirements for the degree of Master of Science, with a major in Food Science
and Technology.
Ada Marie Campbell, Major Professor
We have read this thesis and recommend its acceptance:
Frances Schofield, Bernadine Meyer
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)

August 3, 1962

To the Graduate Council:
I am submitting herewith a thesis written by Mary Ann Harvey
entitled "The Ettect ot Be-Use of Two Frying Fats on the Fatty Acid
Content of French-•ried Potatoes." I recama.end that it be accepted
for nine quarter hours ot credit 1n·partial fulfillment ot the
requirements tor the degree of Master of Science, with a major in
:roods.

We have read this thesis and
recamnend its acceptance:·

Accepted tor the Council:

Dean ot the Graduate Bch(>Ol -·

TBE EFFECT OF RE-UBE OF '!WO FRYING FATS ON THE FATTI
ACID CONTENT OF FRENCH-FRIED POTATOJ!E

A Thesis
Presented to
the Graduate Council of
The University of Tennessee

In Partial Fulfillment
of the Requirements for the Degree
Master o� Science

by

Mary Ann Harvey
August 1962

ACXNCMLEDGMENT
It is with much humilit7 and gratitude that I acknowledge the
contribution made to this thesis by many people.

To Dr. Ade. Marie

Campbell, Department of Foods and Institution Management, I wish to
express my most sincere appreciation tor her suggestion of the approach
to the problem and tor her constant guidance and advice during the
study.

I also express appreciation to Dr. Bernadine Meyer, Department

of Foods and Institution Managemen t, and Dro Frances Schofield, Depart
ment of Nutrition, tor reading the entire paper and giving helpful
criticism.

Pinally, I would like to thank Melba Whitesides for

assistance with the tigureo
Mo A. Ho

TABLE OF CONTENTS
CHAPTER
I.

II.
IIIo

PAGE

INTRODUCTION.

1

REVIEW OF LITERATURE.

3

PROCEDURE o

10

Materials .

10

Preparation of Potato Samples .

10

Extraction of L1p1dso

11

Fractionation of Lipids .

"

12

Methylation of Total Lipids and Fractions .

13

Gas Liquid Chranatographic Analysis .

14

IV. RESULTS AND DISCUSSION.
V.

•

SUJ.t.fARY •

16

27

LITERATURE CITED.

29

APPENDIX.

32

LIST OF TABLES
PAGE

TABLE
I.

Distribution ot Fatty Acids in Cottonseed Oil and
Hydrogenated Cottonseed 011 (Unfractionated, Unheated) ••

II.

A Comparison of the Fatty Acid Distribution in Cottonseed
011 and Hydrogenated Cottonseed 011 with Values tran

.

.

"

20

..

..

21

the USDA Tables (Per Cent of Total)•••••••••
III.

Distribution of Fatty Acids in Unheated Samples of
Cottonseed Oil and Hydrogenated Cottonseed 011 and
in Lipid J'ractions (Per Cent of �otal) ••••••

IV.

Comparison of Fatty Acid Distributions in the J'rying Fats
with Those of Fat Extracted from French-:,ried Potatoes
(Per Cent of Total) • • •• • ••••••••••

V.

17

....

.

22

Fatty Acid Distribution in Cottonseed Oil Used for
Frying and in Fat Extracted fran Potatoes Fried in
the 011 (Per Cent of Total) • ••••••••••••

VI.

24

Fatty Acid Distribution in Hydrogenated Cottonseed 011
Used tor Frying and in Fat Extracted tran Potatoes
Fried in the Fa� ( Per Cent of Total) • ••••• • • • ••

VII.

Betention Times of Fatty Acids Determined fran a
Standard Mixture of Methyl Esters. ••••••••••••

VIII.

25
33

Fatty Acid Distribution in Glyceride ..stex:01 Fraction
of Cottonseed 011 Used for Frying and of Fat Extracted
from Potatoes Fried in the 011 (Per Cent of Total) ••

34

V

TABLE

PAGE

IX. Fatty Acid Distribution in Glyceride-Sterol Fraction
ot Hydrogenated Cottonseed 011 Used tor Frying and
of Fat Extracted !ran Potatoes Fried in the Fat
(Per Cent ot 'l'otal). • • • • • • • • • • • • • • •
X.

..

..

35

Fatty Acid Distribution in Phospholipid Fraction ot
Cottonseed 011 Used tor Frying and ot Fat Extracted

36

fran Potatoes Fried in the 011 (Per Cent ot Total) •
XI.

J's.tty Acid Distribution in Phospholipid Fraction of
Hydrogenated Cottonseed 011 Used tor Frying and ot
Fat Extracted tran Potatoes Fried in the Fat
(Per Cent ot Total) • • • • • • • • • • • • •

... ..

..

37

CHAPTER I
INTRODUCTION
In spite of the almost universal acceptance of foods fried in
deep fat, a problem exists due to the susceptibility of frying fats
to deteriorative changes and the transfer of undesirable flavors to
the food cooked in degraded fat.

Several studies relating to changes

in fats have been reported and these have been reviewed by Bennion
and Renning ( 1956).

The studies involving problems of deep f'at frying

were carried out mostly on a commercial scale since fats are used
repeatedly in this operation.

Holding fats at frying temperatures

for relatively long periods has been found to induce simultaneously
three chemical changes:. hydrolysis, p�lymerization and oxidation
(Carlin et alo, 1954).
Several studies have been carried out in which thermally treated
fats were fed to experimental animals ( Jo�son et al., 1956, 1957;

Xaunitz et al., 1953; Cranpton, 1953).

Thermally oxidized fats pro

duced a growth-depressing effect, but the effect was not a permanent
one; when animals were changed to a normal diet, they quickly recovered
and grew to maturity.

In Johnson's studies the effect was found to

be multiple in nature; in addition to the characteristic growth
depression, an irritant or diarrhea effect was noted as well as a
possible enzyme-inhibiting or vitamin-destroying effect.

It ·appeared

that products formed during thermal treatment were related to unsaturated
1
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portions of oil since the animals on a thermally treated saturated fat
did not exhibit the characteristic effects.

This indicated that tri

glycerides containing short chain fatty acids and relatively small
percentages of polyunsaturated fatty acids are more stable to thermal
oxidation than are corn oil and hydrogenated fats.

According to Johnson,

a high degree of unsaturation is assumed also to produce thermal
polymers. Whether the polymers formed are strictly thermal is not

known.
The problem of deteriorative changes in fried foods and thermally
treated fats is currently of great concern to nutritionists.

On

the

one hand, evidence such as that cited above indicates a possible need
tor caution in the use of unsaturated fats, at least when heating is
involved.

On

the other hand, evidence implicating saturated fats in

the incidence of hypercholesterolemia has led to considerable intere�t
in the use of highly unsaturated oils (Brown et al., 1962).

Consideration

of these factors, plus the recent application of gas liquid chrana
tography to food lipid analyses, led to the present research. The
purpose of this study was to determine the changes occurring in the
kinds and amounts of fatty acids present in potatoes cooked in a
polyunsaturated fat (cottonseed oil) and in a more highly saturated
fat (hydrogenated cottonseed oil) when these fats were used repeatedly
in the trying of potatoes.

Since there is an increasing interest in

the possible role of phospholipids in the deteriorative changes that
occur in foods, fractionation of the fats into glyceride-sterol and
phospholipid fractions seemed desirable.

CHAPTER II
REVIEW OF LITERATOBE
The question of changes occurring during the re-use ot frying
fats in both the fat and the foods fried therein is by no means a new
one. As early as 1919 Woodruff et alo reported a study on changes in
fats absorbed by fried f'oods. At about the same time Morgan et

!!·

carried out a related study to find changes in physical and chemical
constants of f'ats used for trying standard doughs. The results of
these early studies do not shed a great deal of light on the data
needed today, for we are living in an era of controversy concerning
the advisability of emphasizing polyunsaturated fats in the diet.
Through the years many other workers have conducted studies
concerned with changes occurring in heated f'ats. The studies will be
reviewed in chronological order.
Carlin and Lantz (1938) found that rapid hydrolysis occurred
when fats were held at a temperature of 380 ° 1. in the presence of a
constant flow of' steam. Hydrolysis was slow after tree :tatty acid
levels o:f' 0.5 to 1.0 per cent were reached. According to these workers,
this is in accord with actual production experiences of' manufacturers
of' fried f'oods tran which large volumes of' water must be evaporated.
Carlin and Lantz also reported that highly saturated fats developed
free tatty acids more rapidly than did less saturated f'ats.
In 1939 Thiessen et al. reported work to determine the frying
3
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lite of four different fats--lard, corn oil, hydrogenated ·rat and
cottonseed 011--used under household conditions. They found evidence
that tree tatty acids develop in all of these fats on re-use for a
total of 18 hours.

La.rd and hydrogenated fat showed the greatest amount

of hydrolysis. Chemical tests indicated decreased iodine number and
lovered smoke point with continued re-use. Thiessen et al. concluded
also that reheating and re-use of fat up to 12 hours did not seem
to affect quality or flavor of products tried in these fats.
Robinson et al. (1940) found that various fats had.tendencies
to develop f'oam when used for trying purposes a�er prehe�ting periods

at 375° �.

Thermal decanposition was evidenced by increased refractive

indices, lowered active oxygen values and increased viscosity.
Carlin and La.nnerud (1941) found a rapid drop 1n oxidative
stability of tats subjected to deep fat trying temperature and sub ..
sequent reduction in keeping quality of potato chips cooked in the
fats. They noted foaming tendencies in the fat, a decrease in the
iodine number, an increase in saponification number and an increased
retractive index.

Vail � al. in 1943 reported work which had as its purpose the

determination of certain characteristics of fats and oils which might
relate to their suitability for deep f'at frying. Smoke points and
per cent free fatty acids were determined tor seventeen fats and oils.

The smoke point of "Snovdr1tt" was found to be 236-237° C. and that
of "Wesson 011," 235-237°

c.

Both of the fats are canposed of cotton

seed oil, the difference being that "Snowdrift" is hydrogenated. The
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percentages of' tree fatty acids (as ole1c) found by Vail's group for
these two fats are given below:
Sample

Before heating

"Sn�drift"

0.009

0.108

0.116

"Wesson Oil"

0.028

0.109

0.165

Atter heating
6 hours
12 hours

All the fats studied were found to produce a gum formation at the
surface of' the fat, close to the sides of the container, after being
heated for 12 hours.
Arenson and Heyl (1943) found that physical structure of' dough
nuts tried in various fats was modified by addition of' tatty acids
and by the presence of' substances thermally developed in the normal
process of' trying. They concluded also that the stability of' shorten
ing as measured by resistance to peroxide formation is without
significance in the measurement of trying quality. They used frying
conditions in which tree fatty acid content of' the fats did not reach
levels above 0.6 per cent.
A similar study was conducted by Fisher (1949) in which a
correlation was shown between thermally developed free fatty acids
of trying fat and physical characteristics of doughnuts. The f'ats
used did not develop tree fatty acids above the level of 0.4 per cent,
but possible influence of' other heat formed constitutents in trying
tat was recosnized.
Chang et al. (1952) studied fatty acid changes in camnercial
fats (la.rd, butter and vegetable oils ) when used in baked products,
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hard candy and a.s a medium tor deep fat f'rying.

The changes occurring

during deep tat f'rying included a.n initial increase in the peroxide
number when fat was heated to 180 ° C. and kept at that temperature tor
10 minutes, followed b7 a decrease in the peroxide number to a negligi•
ble value after 40 minutes of additional heating.

The changes occurring

°

with prolonged heating at 180 C. indicated that peroxides were decan
posed as fast as they formed.
Conjugated dienes increased significantly in the corn oil with
the additional heating period. Total unsaturation as measured by
iodine number showed a gradual decrease with heating, resulting in an
increase

1n

the calculated value of saturated fatty acids. Among

unsaturated acids the changes in oleic were small, while linole1c
definitely decreased and linolenic decreased slightl7 at first and
then increased to a higher value than the original.

According to

Chang et al., the increased percentage of linolenate and decreased
percentage of linoleate probably could be explained by·slight oxidation
of the large amount of linoleic acid present.

The fatty acid deter

minations were made by saponit1cat1on with potassium hydroxide followed
by spectrophotanetric analyses to determine linoleie, linolenic,
arachidonic and conjugated diene acidso
A summary of the work on problems encountered in canmercial
use of trying fats was ccmpiled by Goodman and Black (1952). The
changes reported in canposition of fat used in frying were a decrease
in iodine value, an increase in refractive index, an increase in free
fatty acids, an increase in acetyl value, a drop in smoke point, a

7
lowering of the melting point, the appearance of foaming in frying and
tlavor deteriorat1ono

Fat absorption increased in foods fried in fats

used repeatedlyo
Carlin et alo
trying fats.

(1954) studied factors affecting deeanposition of

Hydrolysis, polymerization and ox1dation were found to

take place simultaneously at elevated temperatures o

These workers

concluded that oxidation of the f'rring fat is a much more important
aspect than recognized previously and that hydrolysis is thus of only
secondary importanceo
Since changes taking place in trying fats and Pl"Oblems involved·
in deep fat :trying had been studied mostly on a canmercial scale,
Bennion and Hanning (1956) investigated changes in lard produced by
trying potatoes and :fritter batters under hane conditions. They found
very little change in free tatty acids.

The peroxide values remained

lC7t1 at first but increased with prolonged heating, reaching a higher
level with potatoes than with batter samples.
tion numbers were little affected.

Iodine and saponifica

The smoke point was affected only

slightly.
Lowe et al., (1958) in an attempt to bring up to date the infor
mation on smoke points and free fatty acid content of fats then
marketed, carried out a series of experiments with hydrogenated shorten
ings, oils and lard.

They found that the initial f'ree fatt7 acid content

was lowest in oils, slightly higher in shortenings and highest in
lards, although there was sane variation.

'l'he :free fatty acid content

of all fats increased during heating, the final content in sane cases
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being as much as fifteen times greater than the i�itial concentration.
'!'he final free tatty acid content ot lard did not increase as much as
did that of oilso

The smoke points of all fats were lowered with use.

Rust and :Harrison (1960) studied the effect of method of ca.re on
frying life of fat o

'!'his work revealed that :filtering and re:tr1gerat1ng

fats and cleaning the 'f'rrer between frying periods did prolong the
frying lite of the fat. Begardless of the method of care, there was
a significant negative correlation between acid number of the fat
and acceptability of French-tried potatoeso
All of the studies reviewed have been concerned with changes
occurring during thermal treatment and re-use of fat, but the kind and
amount of information obtained f'rcm the studies changed very little
over a period of approximately twenty yearso

Information concerning

possible changes in specific fatty acids still is lacking, largely
because of inadequate methods of analysis.

The minute quantities of

fat extracted from many food samples are too small for macro-analysis.
About ten years ago James and Martin (1952) published the first
practical details of the technique known as gas liquid chromatography.
Since the development of this apparatus, analysis of small quantities
of mixtures of volatile liquids has been possible.

The apparatus

has been found useful in most aspects of research and chemical industry
and recently has come into use for analysis of changes occurring in
food lipids ..
Of' the work reported thus far in which gas chranatogra.phy has
been applied to the study ot food lipids, sane has been concerned with

9
the lipids of vegetableso

The method was used to study the influence of

prior treatment upon alteration in vegetable lipids during freezer
storage (Lee and Mattick, 1961; Mattick and Lee, 1961).

Samples of rav

and blanched peas and spinach were frozen and analyzed atter one year
of storageo Decreases Jn several ratty acids in the phospholipid tractior
from the raw vegetables were large in comparison to changes in the ·
blanched samples.

Blanching was found to attenuate lipolytic enzyme

systems of the vegetables, and this seemed to account for the difference in response between the blanched and unblanched samples.

These

workers feel that changes in fatty acids in foods could be involved
in development of the off-flavors that sometimes occur in frozen
foods during storage, and certainly it is known that blanching vege
tables prior to freezing prolongs their storage life.

Other changes

in vegetables noted by Lee and Mattick were that the fatty acids in
neutral fat and the free fatty acids of the raw material shoved a
net gain in total quantity of' palmitic acid. They believed it possible
that this increase came from unsaturated 18-carbon fatty acids.

CHAPTER III
PROCEDURE
Materials
Idaho potatoes purchased in one lot were stored in the refriger
ator until 24 hours prior to use, at which time they were removed and
held at room temperature.

The entire lot of each cooking fat (poly

unsaturated--"Wes!3on 011" and more highly saturated--"Snowdrift") was
mixed thoroughly before use in order to obtain a homogeneous sample.
Each time potatoes were fried an additional supply of fat was heated
under identical conditions to replace any fat that had been absorbed
by the potatoes and thus maintain a constant level of cooking medium
in the fryer ..
The �quipment used for frying the samples was a Presto deep-tat
fryer having thermostatic heat control and a capacity of 5 pints.
wire basket was used to hold the potatoes during cooking.

A

The same

deep-fat fryer was used to heat the reserve fat. A thermaneter was
suspended from a ring-stand into the fryer for observing the actual
temperature of the fat.
Preparation of Potato Samples
The potatoes were pared with a vegetable parer and sliced
uniformly with a French-try cutter.

They were then washed and allowed

to stand in cold water for a few minutes.
towels a.nd cooked for

They were drained on paper

5 minutes in a deep-fat bath held at 176 ° t 10° C.
10
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The temperature of the bath was always

176° when the potatoes were placed

in it, but the temperature did drop at first and then gradually rise
during the cooking operationo

A sample of approximately 150 g was

cooked each timeo
After the potatoes were cooked for 5 minutes, they were drained
for 5 minutes on six thicknesses of paper toweling and immediately
wrapped in heavy weight aluminum toil, frozen and held at -20 ° C. until.
time for analysis.

Although only one lot of potatoes was fried each

time, the fat was held at frying temperature for an hour.
The frying procedure was carried out on twelve consecutive days
for each fat.

Although only samples frar1 f'ry1ngs 1, 3, 6, 9 and 12

were to be analyzed, potato samples from all twelve tryings were saved
for possible future use.
and refrigerated.

After each use, the frying tat was strained

Portions of the two cooking fats were taken before

the first frying and af'ter the sixth and final fryings.

These were

stored under nitrogen in 10-ml Erlemn.eyer flasks at -12 0 C. until
th,y were analyzed.
Extraction of Lipids
The method of Bligh and Dyer (1959) was used for extraction.
The samples of French-fried potatoes were thawed in the wrap, and a
20-g portion of each was accurately weighed and extracted with 400 ml
of a 2: 1 chloroform-methanol mixture.

The thawed potato was broken

slightly.in the Waring Blendor and then blended for 2 1/2 minutes
with 80 ml of the solvent mixture.

Lipid extract was separated from

potato solids on a fine sintered f'unnel in a suction flask.

Solids
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were returned to the Blender and re-extracted with 80 ml of solvent.
This re-extraction process was repeated three times and the remaining
80 ml of solvent were used for final rinsing of' the Blender and funnel.
To the combined filtrates 175 ml of' distilled water were added a,nd the
extraction mixture was allowed to stand overnight in the refrigerator.
Since phase separation was not clean cut, the extraction mixture
had to be centrifuged after standing.

In order to reduce the volume

to be centrifuged, the water-methanol layer was drawn off by suction
to a point well above the emulsified layer.

The remaining mixture

was quantitatively transferred into 25()-ml centrifuge bottles and
centrifuged at 1500 rpm for 30 minutes.

The mixture then was trans

ferred into a 25()-ml graduated cylinder in such a way that the emulsion
was not re-formed.

The volume of' the lower phase (chloroform and lipid)

was recorded, the upper phase was siphoned off and discarded and 2
10-ml aliquots of' the extract were removed by pipette and evaporated
under nitrogen for determination of total lipids in the samples.

The

remaining chloroform extract was washed with chloroform into a 500-ml
evaporating flask and the solvent was removed on a rotary evaporator
under vacuum.
Fractionation of' Lipids
The small amount of lipid in the evaporating flask was dissolved
in chloroform and transferred quantitatively into a 500-ml Erlenmeyer
flask.

The procedure used for fractionation with silicic acid was

the one described by Murty�&• (1960).

The sample was mixed with

100 ml of chloroform and stirred with 25 g of silicic acid (100 mesh)
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tor 10 minutes an a masnetic stirrer. !he solution vas decanted frm
the ailioio acid into a tine sintered tunnel and filtered under reduced
preaaure.

!l'he a111c1o acid was vaahed tvioe with a total of 100 ml

chloroform. !he combined filtrate and vaahinp, ccmtaining glycerides
and aterola, were trmaterred to

a 2,0-ml graduated cylinderJ the

volume was recorded and 2 10-ml aliquots ve:re taken. After the solvent
was removed in a streaa of nitrogen and the sample was weighed, it was
ready tor meth7lation.
!he chlorotorm•waahed a111c1o acid vaa shaken with 100 ml of
rediatilled methanol to remove adsorbed phoaphol1p1de and filtered
through a :tine sintered glaaa tunnel. After vaahing the 1111c1c acid
with 2 25-•l portions ot Mthanol, the ccabined methanol extracts vere
pooled, the Tolume vaa recorded, and 2 10-•], aliquot• were taken in
tared 100-ml evaporator tlaata. 'l'he aliquot, then were eTaporated on
the rotary evaporator, weighed accurately and uth7lated.
Methylation of !otal L1p1da and 7raot1ona
The total lipid and the traqtion1 obtained as deacribed above
were methylated by a modification o:t the method de1cribed by James
( 1960) • Apprm:1mately 40 ms ot lipid were placed. in a 1,-111 stoppered
centrifuge tube. To the aaaple were added 3 ml ot a 1 per cent sul
turic acid-methanol solution.. 'l'hia mixture vas refluxed tor 4 hours
in a sand bath held at 70 ° C. '.rhe aaple vaa stirred ·at frequent
intervals until the lipid vas d11peraed.
At the end ot the reflux pe:r1o4,, ml ot redi1tilled pentane
and 2 al of distilled water were added to each tube. Sepa:raticm of
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two phases occurred immediately and the lower phase, containing the
methanol, sulfuric acid and water, was removed and discarded with a
pipette. The pentane, containing the methyl esters, was washed once
more with water; after removal of the aqueous layer, anhydrous sodium
sulfate was added to remove the remaining traces of the water. If
samples were to be chromatographed on the same day, the methyl esters
were allowed to stand on the sodium sulfate for at least 1 hour. I:f
the methyl esters were to be stored overnight, they were stored on the
sodium sulfate.
Gas Liquid Chrana.tographic Analysis
The pentane-lipid mixture was decanted into another conical
15-ml tube and the pentane was evaporated :fran the methyl esters
under nitrogen. When all the solvent was removed, the :fatty acid
methyl esters remaining were diluted with acetone and injected into a
Barber-Colman Model 61c gas ehrariatograph having a radium ionization
detector.

The most satisfactory sample size was obtained by diluti�g

2. 5 pl o:f methyl esters �1th 10 )11 of acetone and charging the column
with 2 )11 of the dilution. An 8 ft. coiled copper column (l/4•in.
inside diameter) packed with diethylene glycol succinate polyester
(15. 4 per cent by weight on 80-100 mesh chranosorb W) was used.

The

column, with argon flowing through, was preconditioned by heating
0

:for approximately 30 hours at an operating temperature o:f 190 C.
before it was connected to the detector.
The tolloving operating conditions were used for gas chranato
graphic analyses:

Column Temperature ••••• 185°

c.
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Detector Cell Temperature•• 218° C.
Flash Heater.

.2250 C.

0

•

0

•

•

Split Heater • •

•

0

0

0

0

.2350 C.

Voltage ••••

0

G

0

0

..

0

..

Argon Pressure

•

0

Sensitivity ••
Attenuation ••

•

. .. .

900

.... 25 psi

. ••• 10
0

•

•

• 16*

Peaks were identified by canparing their retention times (number
of minutes elapsing between charging o:f' the column and reaching ot
maximum peak height) with those ot the canponents of a standard mix
ture o:f' fatty acid methyl esters (Appendix).
Peak "areas" were calculated by the equation:
Area =

Height of peak x Width of peak at 1/2-height :x: Attenuation.factor. **
The areas of the peaks for each sample were added to give the

total area under all peaks and the percentages were calculated:
� Fatty acid in sample= 100 :x: Area of p eak
Total area under
all peaks
The percentages thus obtained are on a molar basis. Weight per
centages were not calculated because the molecular weights of the
maJor canponents in the samples Flyzed varied so little that weight
percentages would have been almost identical to molar percentages.

*Attenuation

setting was 16 except vhen it was necessary t·o
reduce sensitivity tor large sample canponents.
Attenuation factor is used only if attenuation is changed
during a tracing.

CHAPTER IV

RESULTS AND DISCUSSION
Attempts to extract and :fractionate the lipids quantitatively
were not successful, as evidenced by the fact that the amounts of
glycerid�-sterol plus phpspholipid did not equal the amount of total
extracted lipid for each sample.
to the problem:

Several factors may have contributed

the necessity of centrifuging and the large number of

transfers required possibly resulted in some loss. The equipment
available was not always appropriate--e.go the use of a smaller
Blendor, operated through a rheostat, would have been helpful.

Some

evidence was obtained late in the study that the time of day at which
weighings were made affected weights, although weighing was done in a
constant temperature roan.

Insufficient mixing of lipid extracts prior

to removal of aliquots is another possible factor o Because of these
difficulties, it is impossible to report the results on a weight
basiso

This does not make the findings useless since data on the fatty

acid canposition of foods usually are reported on a percentage basis.
Because there is little information concerning fatty acid con
tent of foods, same preliminary canparisons ot fatty acid distribution
in the unheated fats are of interest.

Gas liquid chromatographic

analysis of the two types of fat studied revealed two canpletely
different fatty acid patterns (Table I, Figure 1). The major fatty
acid can.ponent ot the cottonseed oii was linoleate while the major

16
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TABLE I
DISTRIBUTION OF FA'!TI ACIDS IN COTTONSEED OIL
AND HYDROGENATED COTTONSEED OIL
(UNJ'RACTIONATED, UNHEATED)
J'atty acid

Myristic ( c

Cottonseed oil
14)

Palm.1t1c (c16)
Stearic (c18
)
Oleic
(c
18:1)
Linoleic (c 2
18: )

Per cent of total
Hydrogenated cottonseed oil

0.4

Tr

24.9

12.4

1.0

5.2

10.0

70.7
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canponent ot the hydrogenated cottonseed oil was oleate.
Few data are available tor canparison with the values obtained in
this study.

In the USDA tables (1959) percentages tor the saturated

tatty acids are canbined.

The values tor the two tats in this study ha�e

been tabulated similarly and compared with those presented in the USDA
publication {Table II).

The USDA figures were obtained fran a review

of the literature and thus represent results of various methods ot
fatty acid analysis; probably few of the data were obtained by gas
chranatography.
In Table III the percentages of fatty acids 1n the total lipid
and glycer1de-sterol and phospholipid fractions of the unheated fats
are canpared.

It should be noted that the data fran Table I are

repeated in Table III for the purpose of can.paring values for the
lipid fractions with those for the total lipids. As shown in Table lII,
the fatty acid pattern of the glyceride-sterol fraction tended to be
very similar to that ot the total lipid for the cottonseed oil.

The

phospholipid fraction of the cottonseed oil differed :f'ran the total
lipid in being much higher in oleic 8.Jld lower in linoleic acids.

In

the hydrogenated fat the greatest difference between total lipid and
the glyceride-sterol fraction was in the oleic-linole1c ratio.

The

greatest difference between total and phospholipid was in the relative
amounts of palmitic and oleic acids.

Traces of palmitoleie and

linolenic acid were detected in the phospholipid tractions of the tvo
fats but usually were not measurable.
Table IV gives a canparison of tatty acid distributions in the
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TABLE II

.

A COMPABI801' 0., 'l'IE 1Aftt ACID DIS'l'RIBO'fIOB IN CO'.r'l'OBSEED OIL
AID HYDBncDPDD Cofl<>ISEB'D OIL WITH VAIUJ!S J'ROM
'!J!r'OSDA !.ABLES (PER CERT or.TO'l'AL)
Fatt7 ·acid ·.
Total saturated

<c14, cl.6; c 1a>

Byd:rogenated

cottonseed oil
lbt,,t'l
'Values
· Taluea·

C�t91ee4 111

Bxpt'

-

value

•aJ.st

26�3

2,.a

17.6

38.0

70.7
11.7

54�9

Oleic

10.0

22.3

Lirloleio

63.7.

,1.9

I

.

-:

7.1
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TABLE III
DISTRIBUTION OF FAT'l'Y ACim IN UimEATED SAMPW OF
COTTONSEED OIL AND HYDROGENATED CO'l'TONSEED OIL
AND IN LIPID J'RACTIONS {PER CENT OF TOTAL)
:ratty
acids

Total
lipid

Cottonseed oil
Glyceride- Phoapholipid
etero1

HydroS!nated cottonseed oil
Total Glyceride- Phosphosterol
lipid
11p14
;

Myr1stic

0. 4

0.5

0. 5

Tr

Tr

0. 2

Palmitic

24.9

24. 1

26. 7

12. 4

11 . 0

20 .0

Stea.ric

1. 0

1.4

1. 3

5 .2

5. 5

4. 2

Oleic

10. 0

11. 6

22. 1

70. 7

76. 2

64. 2

Linole1c

63 . 7

62. 5

49. 5

11. 7

6. 8

1 1. 4
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TABLE IV

COMPARISON OF :rATTI ACID DIS'l'.RIBUTIONS IN THE J'BYING J'A'l'S
WITH THOSE OF FAT EXTRACTED :rBOM J'RDCH-J'BIED
POTATOl!S (PER CEN'l' o:r TOTAL)

14

D

After 6th try1ns
:rry1ns fat
Extracted fat

0.7
o.6

After 12th frying
:rry1ns fat
Brtracted fat

J'rying

J'at,J' acide

ii

1B: 1

1B: 2

24 .3
2, .,

0.9
1.2

16 . 3

14 .0

57. 8
,a . 7

0.4
0.4

29 . 9
30 . 1

1. 0
1.0

10 . 5
11.7

56 . 8

0 .1

0.1

11. 4
12 . 5

5.3
5.3

76 . 3
74.4

7. 7

0.2
Tr

13 . 5

5 .7

74.8

7.0

Cottonseed oil

58.2

ll:,dro5!nated cottonseed oil
Af'ter 6th frJ'ing
:rry1ns fat
Extracted fat
A:rter 12th frJ'ing
:rrying f'at
Extracted f'at

12 . 3

7. 2

71. 7

7 .0

7.7
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frying fats with those of the tat extracted from potatoes tried in each
of the f'ats. :ratty acid patterns of the frying fat and of' the fat ex
tracted from the potatoes are very similar , as would be expected since
practically all fat in French-fried potatoes is derived from the fat
in which they are fried. Only the total lipid values are presented
though the fractions also showed a close similarity between frying
fat and extracted fat.
In Table V are shown the tatty acid distribution in cottonseed
oil and in fat extracted from potatoes fried in the oil. The most
important change in both cases is the decrease in 11noleate, most of
which had occurred after six tryings. DuriXlS the 'first' six ·try.tngs the
percentages of other fatty acids, except that of oleate, re1QB.ined
fairly constant.

Oleate increased as linoleate decreased. With

continued re-use through the final trying, palmitate increased and
oleate decreased . The data suggest tha.t the first change occurring
with re-use of' cottonseed oil was autoxidation of linoleate and that
further re-use of the oil resulted in �-oxidation. This explanation
might be possible f'or the extracted f'at if' the potatoes provide the

enzymes needed for -'-02:ida.tion, but it does not seem Teasonable in
the case of' oil heated alone for several hours.
Similar, though somewhat smaller, changes apparently occurred
in the hydrogenated cottonseed oil extracted f'ran potatoes. Values
are shown in Table VI for samples f'ran the first, sixth and twelfth
tryings. The trying fat showed the first change mentioned above but
not the simultaneous decrease in oleate and increase in palm1tate with
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TABLE V
FA� ACID DISTRIBUTION IN CO'l".I'ONSEED OIL USED FOR FRYING
AND IN FAT EX'l'RACTED FROM POTATOES FRIED IN THE OIL
(PER CENT OF TOTAL)
Frying

iii

i�

rattz acids

1B

1B : 1

1B : 2

1.0

10 .0

0 .9

63 . 7

16 . 3

Cottonseed oil

0

0 .4

6

0.7

24 . 9
24 . 3

0 .4

29 . 9

0.3

25 . 0

3

0.5

6

0 .6

25 .6

o.6
o .4

12
Oi l extracted from EOtatoe s

1

9
12

1.0

10 . 5

o .8

9.0

57 . 8
58 . 2

64 .9

10 .2

1.2

14.0

62 . 7

28 .6

1. 2

12 . 2

30.1

1.0

11 . 7

57. 4

25. 8

0.8

58 . 7
56 . 8

TABLE VI

FATTY ACID DISTRIBUTION IN HYDROGENATED CO'l'TONSEED OIL
USED FOB FRYING AND IN FAT EXTRACTED J'ROM POTATOES
FRIED IN THE FAT (PER CENT OF TOTAL)
Frying

14

ii

Rydrosenated cottonseed oil

0
6

12

12 . 4

5. 2

i'B s 2

70 . 7

11. 7

74 .8

7.0

7. 0

0.1

11. 4

5. 3

76 . 3

Tr

11. 0

7. 2

71 .7

10 . 1

13 . 5

7. 2

71 .7

7.7

0.2

12 .3

Fat extracted trom �otatoes

1

ratty acids
18 : 1
1B

6

0 .1

12

Tr

12 . 5

5. 7

5.3

74 . 4

7.7
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continued use ( Table VI) o
With the lipid tractions for extracted and frying fat of both
types, changes are similar to those discussed above in some respects
but are less clear-cut .

The additional handling required for prepara

tion of the fractions might possibly be responsible for apparent d1�
crepancies.

The values obtained for the fractions are included in the

appendix as a matter of record .
Considering the manner in which the fat was cared for between
tryings, the total treatment given the fat probably cannot be con
sidered severe . Whether effects would have been more pronounced and
clear-cut with further re-use of the fats is not known.

Future work

should involve more extreme heat treatment of the fat. Analysis of
samples of fried foods and fats obtained from commercial eating estab
lishments might show the effect of fat re-use more dramatically.
In the frying of potatoes some hydrolysis of fat undoubtedly
occurso

Hornstein ( 1960) developed a method of separating unesterifiad

fatty acids fran other lipid material by adsorption on a strong anion
base resin.

The fa.tty acids were converted to their methyl esters

without prior elution fran the adsorbent and the esters were analyzed
by gas chranatography.

Original plans for this study included Horn

stein 's procedure but lack of equipment prevented the carrying out of
that work.

It would be of interest in the future to separate the

unesterified fatty acids and analyze their methyl esters.
The need for further work on quantitative extraction and
fractionation also seems apparent from the results of this study.

CHAPTER V
SUMMARY

The effect of re-use of two frying fats--cottonseed oil and
hydt'ogena.ted cottonseed oil--on the fatty acid content of French-fried
potatoes was studied o

The fa.tty acids in both the extracted and the

frying fat and in fractions of each fat were analyzed by gas chrana
tographyo

The major fatty acids present in both fats were myristic,

palmitic, stearic , oleic and linoleic o

Cottonseed oil was highest

in linoleic acid and hydrogenated cottonseed oil was highest in
oleic acid o
A canparison of the fatty acid distribution in the fats used
in this study vith values fran the USDA tables showed some differences
which probably are due partially to the use of different methods of
analysiso
The fatty acid distribution in the total lipid and in the
glyceride-sterol fraction of cottonseed oil were similar , while the
phospholipid fraction contained more oleate and less linoleate.

In

the hydrogenated cottonseed oil both fractions differed from the
total lipid in relative amounts of palmitate , oleate and linoleate.
Changes occurring in the fatty acid distribution of the two
fats with re-use were mainly a decrease in linoleate with subsequent
increases first in oleate and later in palmitate.

Evidence concerning

the possibility of autoxidation followed by -' -oxidation is inconclusive.
27
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Recanmendations for further work include :

more severe heat

treatment of the tats, separat ion and analysis of unesterif1ed tatty
acids and development of more quantitative procedures tor extraction
and fractionation of food lipids .
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TABLE VII

RETENTION TIMES OF FAT!'Y ACIDS DETERMINED FROM
A STANDARD MIXTURE OF ME'1'llYL ESTERS
Fatt y ac ids

Time
min.

Myri st i c

6.5

Palmit ic

11. 0

Palmit oleic

13 . 0

Stearic

19 . 2

Oleic

22 . 4

Linoleic

28 . 0

Linolenic

37. 4
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TABLE VIII
1Aft1' ACID DIS'l'BIBU'l'IOlf II GLYCERIDI-STEROL J'BAC'l'IO!l OF
CO'l"l'CIISDD OIL USED rOB J'BYD'G AND or lAT
ElmACTED 1.BOM PO!ATOD DIED IN
'!'BE OIL (PER CERT or iO'l'AL)
lrying

Cottonseed

6
. 12
rat eztr!Qted tran iotatoea

3

6

'1B : 1

1B : 2

1. 4

11.6

1 ._7

12 .9

62 . 5

28 . 1

1. 0

11. 2

59 . 2

· o.s

23 . 7

1 .2

10 . 8

63 . 5

0.5

26.0

!l,

o.,
o .6
o.4

24 . l

11�t:r

oil

0

l

-maoiu
,

it.

o .6

9

0.7

12

1.1

2 5 .1

25 . 7

23 .4

23 . 5

1. 1

12 .2

1.0

i1 . 4

0.9

1.9

11. 9

14. 5

59 . 7

60 . 5
61. 1
63 . 1
59 . 1
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TABLE IX
FA'l"rY ACID DISTRIBUTION IN OLYCERIDE-S'l'EROL FRACTION OF
HYDROOENATED CO'l"rONSEED OIL USED FOR FRYING Alm
OF FAT EXTRACTED FROM POTATOES FRIED
IN THE FAT (PER CENT OF TOTAL)
J'r7ing

14

ii

0

Tr

6

Tr

12

Tr

13 . 7

l

Tr

3

J'attz acids

1B

18: 1

18:2

11. 0

5 .2

13 . 1

6.9

70 . 7
70 .8

11. 7

Hydrogenated cottonseed oil

9.2

7.6

70 . 5

8.1

J.2 . 0

6.9

70 . 9

10. 2

Tr

11. 4

6

5.5

Tr

13 . 5

6.6

71. 7

8.2

9

Tr

13 . 3

7. 9

12

Tr

71. 9

13 . 7

73 . 8

6.8

Fat extracted from �otatoes

6.8

5. 7

75. 3

7.9
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TABLE X
FA1'1'Y ACID DIS'l'RIBUTION IN PHOSPHOLIPID FRACTION OF COTTONSEED
OIL USED FOR FRYING AND OF FAT EXTRACTED FROM POTATOES
J'RIED IN THE OIL (PER CENT OF TOTAL)
Frying

14

�

Yattz:
acids
I
18
1B : 1

1Bs 2

1. 3

22 . 1

49 . 5

Cottonseed oi l

0

0.5

26 . 7

0 .5

33 . 6

o .8

13 . 7

51 . 3

0 .4

29 . 3

1. 2

10 . 8

58 . 3

6

o.8

27 . 6

9

o .6

56 . 1

6
12

0.5

30 . 7

o.8

16. 5

51 . 4

Fat extracted from �otatoes
1

3

12

0.3

o .8

2 9. 2

1. 2

10 . 4
13 . 6

28 .0

1.9
1.6

12 . 0

25 . 7

2.5

15 . 3

58 . 9
57 .6

55 . 7
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TABLE XI
J'A'l"l'Y ACID DISTRIBUTION IN PHOSPHOLIPID FRACTION OF
HYDROGENATED COTTONSEED OIL USED FOR J'.RYING AND
OF FAT EXTRACTED FROM POTATOES ll'RIED
IN THE FAT (PER CENT OF 'l'O'l'AL)
J'rying

1�

ii

0

0.2

6

rattz acids
1B

18 1 1

iB1 2

20 .0

4.2

64 . 2

11 . 4

0 .3

21. 6

4.8

0.2

67 . 7

19 .8

4. 1

70 .8

5. 5

l

Tr

1� � 9

4.8

61 .9

3

Tr

16 . 2

6

0.2

15. 5

7. 5

61 " 3

16 , 3

9

i'r

6.9

63 . 8

12

0 .3

15. 3

6.1

56 . 1

Hydrosenated cottonseed oil

12

5.1

Fat extracted from Eotatoes

17 . 2

5.8

64.0

15. 1

14 . 5
14. 0

18 . 9

